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USER CAUTION 


If this instrument is intended for 
the detection and measurement 
of ionizing radiation, it should 
be used only by persons who 
have been trained in the proper 
interpretation of its readings 
and the appropriate safety pro- 
cedures to be followed in the 
presence of radiation. 


All Instructions and warnings 
contained in this manual or on 
the instrument must be read 
before use and must be strictly 
followed. Failure to follow these 
instructions and warnings may 
result in inaccurate readings 
and/or user hazard. Battery and 
other operational checks must 
be performed prior to each use 
to assure that the instrument is 
functioning properly. 


READ YOUR INSTRUCTION MANUAL 
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INTRODUCTION 


The Victoreen Models 4ØØ and 41Ø are radiation survey meters 
which use a single internal Geiger Mueller tube to detect x- 
ray and gamma radiation. 


The meters contain a circuit (U.S. Patent 44,311,909) which 
corrects for lost radiation pulses occurring coincidentally 
within the dead time of the GM tube. 


The Model 4894 is designed especially for NDT industrial 
radiography and meets requirements of USNRC 19 CFR part 34 
regulations. The meter operates over a range of lmR/h to 
1ØØØmR/h. 


The Model 414 operates over a range of lmR/h to 19,øØømR/h. 
This extended range offers quantification of nearly the full 
rate response of the GM tube before continuous discharge. 


Both models are exceptionally rugged due to a hi-impact 


thermoplastic water resistant case. They both provide a belt 
clip for convenience and an audible alarm for safety. 
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2. 


SPECIFICATIONS 


Radiation 
Detected: 


Operating 

Range: 

Control: 

Readout: 

Alarm: 

Energy Response: 
Accuracy: 

Detector: 

Response Time: 

{90% final reading) 


Overrange Response: 


Environmental 
Effects: 


Construction: 


Ruggedness: 


Water Resistance: 


Dimensions: 


Gamma and x-ray above 48keV. 


408: 68-19, Ø-109, Ø-19ØøømR/h 

410: 9-16, Ø-199, Ø-1098, Ø-19,øøØmR/h 
Recessed rotary switch; Off, Battery 
Check and range selections. 

Taut band meter - 55mm scale length. 
Semilog with true zero. 

9ødb peak at 30cm, 3ØØØHz. Audible 


internal speaker will alarm when meter 
is full scale on any range. 


Within 20% from 76-120@kev. 


Within 15% of reading between 10% and 
100% of full scale indication on any 
range. Calibration source is Cs-137. 


Energy compensated, 
tube. 


halogen quenched GM 


Less than 8 sec on lømR/h less 


than 1 sec on higher ranges. 


range, 


Full scale deflection up to 1ØØØR/h from 
406 to 12øøkev. 


Less than 5% ghange due to temperature 
(-28 to +55°C) and humidity (8 to 
9ø%rh). 

Molded hi-impact thermoplastic case. 
Circuit board mounted on molded in 
supports. Meter and GM tube shock 
mounted. 


Survive 3 foot drop onto concrete floor. 
Failure rate: 1 out of 2@ trials. 1999 
shock in any plane. 


Electronic housing sealed against entry 
of water. The battery compartment is 
splashproof and sealed from the main 
electronics. 


86mm x 2llmm x 47mm 
(3.2" x 8.3" x 1.9") 
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Belt Clip: 


Power Requirements: 


Weight: 


Metal belt clip mounted opposite the 
panel meter so that it can be read by 
looking down at it. 


9V alkaline battery, Mallory MN1684 or 
equivalent. Approximately 1068 hour life 
at ambient radiation and environmental 
levels. 


430gm (1 1b). 
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DESCRIPTION 


Illustration 3.1 is a pictoral description of the Model 484 
with numbered callouts. The Model 41Ø is identical in form 
and function except for the additional x1ØØØ range position 
above x148. 


l. 


2. 


16. 


The GM detector is internally mounted above the meter 
scale at the seam line. 


Number 2 on the meter scale is accented to aid in a 
survey for the regulatory 2mR/h limit. 


Taut band meter is shock mounted to withstand a 3 foot 
drop onto concrete. The 55mm scale length is graduated 
into semi-log divisions with a true zero. 


A removable watertight plug allows access to the 
mechanical zero adjust of the meter. 


The control is a 5 position (6 for Model 416) switch for 
selection of OFF, Battery Check or Operating Range. The 
knob is recessed flush to the surface and can be operated 
by the user's thumb. 


The position identification of the control switch is part 
of the plastic overlay which has a very rugged and 
durable finish. 


The speaker for full scale alarm is mounted directly 
below the grill. It is sealed against the entry of 
water. 


Two screws retain the battery compartment cover. 

The battery compartment cover is splashproof but not 
sealed. The compartment itself is sealed from the rest 
of the instrument. 

On the opposite side is a metal belt clip. It is mounted 


so that when worn, the meter readout is visible as the 
user looks down to the meter. 
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MODEL 400 SURVEY METER 


1. Internal GM Tube 


2. Accented (2), Aid 
in 2MR/h Survey 


3. Readout 
4. Zero Adjust 
6. Position 
identification 5. Rotary Control 
of Control Switch Switch 
(Model 400). 
Mode! 410 extends 
to X1000. 
7. Audible Alarm 


8. Screws Retaining 
Battery Compartment 
Cover 


9. Battery Compartment 
Cover 


10. Beit Clip on 
Opposite Side 


(Not Shown) ) 


ILLUSTRATION 3.1— FRONT PANEL, MODEL 400 
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4, 


OPERATION 


4.1 


Zero Check 


With the control switch in the OFF position and the meter 
readout facing up, the meter pointer should be a half 
minor division of "8". If not, see Section 5.4.5 of this 
manual for adjustment. 


Battery Check 


Move the control switch to the BAT CHK position. The 
meter pointer should be within the scale region indicated 
by BAT OK; if not, move the control switch to OFF and 
replace the battery with a 9 volt alkaline, Mallory 
MN16Ø4 or equivalent. Refer to illustration 3.1, remove 
two screws (8) and battery compartment cover (9). 
Battery can now be lifted out and replaced. Do not pull 
on connecting wires, Replace cover and screws and repeat 
battery check. 


Functional Check 


Move the control switch to the xl range and place the 
meter on a stationary surface away from any radioactive 
sources. Natural radioactive background (14 micro R/h) 
and internal background of the GM tube itself will 
occasionally produce a single discharge which is 
observable on the meter readout. When this occurs, the 
meter pointer will deflect 1/4 to 1/2 of the first minor 
scale division. Observe the meter readout for 100 
seconds; at least 4 such deflections should be observed. 
If not, switch the instrument OFF and on xl again and 
repeat the test. If the instrument fails repeatedly, it 
may not be functioning properly and must be tested by a 
qualified service person. 


If a high energy gamma check source is available (such as 
1Ø micro-Curie Cs-137 source, Nuclear Associates 462-183 
or equivalent), position it over the GM tube (#1, 
Illustration 3.1). A response on the meter readout 
should be observed if the instrument is functioning 
properly. The NA $62-1Ø3 source should cause a 1/2 to 
full scale deflection on the xl range. 


Survey Measurement 


Estimate the exposure rate which can be expected in the 
survey. Move the control switch to the range position 
whose full scale value is greater than the estimated 
rate. The numerical mR/h values on the meter scale are 
multiplied by the range value selected. The xl range is 
1ømR/h full scale, the x1ØØ range is 1909mr/h (1R/h) 
full scale. 


TDV115 0170 12 of 26 


For best results, direct the long axis of the instrument 
toward the radiation source to be surveyed. The meter 
readout should face the user for easy visual monitoring. 
The instrument does have some angular dependence when the 
width axis (meter scale) is not perpendicular to line 
toward the source; therefore, this axis should be kept 
perpendicular. This dependence is more severe for x-ray 
or gamma energies below løøkev. If no pointer deflection 
is observed, move the function switch to the next lower 
range until a deflection is observed. 


Optimum time constants have been designed into each range 
to average the pointer fluctuations. However, due to the 
Statistical nature of radiation, some pointer fluctuation 
will be noticed. Readings on the xl range in a radiation 
field of 2mR/h will be within 15% of the true average 90% 
of the time. A better quantification of the radiation 
field can be obtained from the average of the maximum and 
minimum deflections observed over a 3Ø second period 
while the instrument is stationary. 


Normally a survey measurement involves moving the survey 
meter and continuous monitoring of the readout. If a 
deflection is observed and the range used is xl, the time 
constant will keep the pointer deflected for several 
seconds even if the survey meter is moved to a lower 
field. To avoid waiting the normal time, the user can 
move the control switch to the x1Ø range and back to xl 
to discharge the deflection caused by the past rate. 


Alarm/Belt Clip 


When the meter pointer is deflected full scale on any 
range, a speaker mounted under the front panel grill (47, 
Illustration 3.1) will sound an intermittent alarm. This 
alerts the user immediately to a radiation rate higher 
than anticipated. The alarm is nonlatching and turns off 
when the meter moves off full scale. 


A metal belt clip is located on the rear side of the 
case. When attached to the user's belt, the meter 
readout faces out and can be read directly by the user by 
looking down. 


The belt clip and alarm are convenience and safety 
features not normally found in a survey meter, Because 
of the light weight and small size of Models 498 and 419, 
they can be comfortably worn on the belt by the user when 
he is performing work activity in a radiation field. 


When worn on the belt, the control switch should be on 
the xl range to maximize the alarm sensitivity;  18mR/h 
will then activate the alarm. The alarm should be tested 
every time the survey meter is used. 
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4.6 Cautions 


a) 


b) 


c) 


da) 


e) 


This radiation survey meter responds only to x-ray 
and gamma radiation in the energy range specified in 
Section 2 of this manual. Regardless of the 
intensity, this survey meter will not respond to x- 
ray or gamma radiation below 3@keV or to alpha or 
beta radiation. 


The response to pulsed radiation (typical for some x- 
ray machines) may be false and may indicate the pulse 
repetition rate instead of radiation intensity. 


Ajkaline batteries stop functioning below -20°% (- 
4 F). If the survey meter is worn under a coat, 
occasional use from under the coat may be possible. 


RF electromagnetic radiation may cause a meter 
deflection. This survey meter should not be used in 
the presence of rf fields. 


Use this alarming survey meter as a Supplement to a 
personal pocket dosimeter. 
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5. SERVICE INFORMATION 


5.1 Theory of Operation (Refer to the Schematic, Section 5.2) 


5.1.1 


Battery Power Supply 


This instrument is powered by a single 9 volt 
alkaline battery. When the control switch  (S1A) 
Is turned to the battery check position, the 9V 
battery is connected to the meter. R25 has been 
selected to allow the meter pointer to move into 
the "BAT OK" region if the battery voltage exceeds 
6.25 volts. When switch S1A is turned to the next 
position, the battery's power is applied to the 
high voltage power supply and to the 5 volt 
regulator, US. The battery's direct connection to 
the meter is opened. 


High Voltage Generation 


The GM tube requires 55ØV to operate properly. 
The high voltage is generated by the oscillator 
comprised of the following components: Tl, C13, 
R26, Cl4 and 04. The current, through one side of 
the primary of Tl and into the collector of Q4, 
starts the oscillator. Feedback from the other 
side of the primary of Tl, through Cl3, Cl4 and 
R26, sustains the oscillations. The oscillations 
are prevented from appearing on the low voltage 
D.C. power tracks on the PC board by C18. 


The voltage at the transformer secondary winding, 
Tl:l, should be approximately 18Øv peak. This 
voltage is doubled to 368V at the junction of D4 
and C15 by the action of these two components. 
The transformer secondary voltage is tripled to 
55ØV at the junction of C12 and D5 by the action 
of these two components. C16 filters the high 
voltage and D6 isolates C16 from the oscillating 
action of the voltage tripler, 


R28 and R29 function as a voltage divider to feed 
back the output voltage to U6:2. R30, R31 and R32 
provide a reference voltage of approximately 1.8V 
at 06:3. If the 55ØV output drops due to 
increased current flow in the GM tube caused by 
increased radiation, then U6:6 will drive more 
current through R27 into the base of Q4. This 
will cause the primary of Tl to oscillate at a 
higher frequency, increasing the voltage back to 
558V and supplying more current to the GM tube. 
The maximum current flow through the GM tube is 
limited by R19. 


16 
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Radiation Detection and Measurement 


When the gas in the GM tube (Vløl) is ionized by a 
particle passing through it, current flows through 
Rll and R12. R13 and C4 form a differentiator of 
the current through the GM tube. R14 protects the 
input of the comparator (U2:2). R15 and R16 set 
the threshold of the comparator to 5dmvV. cs 
prevents the comparator from oscillating due to an 
input having a slow fall time. A high going pulse 
at U2:2 will cause the output (U2:1) to pulse low 


and discharge C6. U2 is an open collector 
comparator, therefore, C6 can only be charged by 
R17. The time constant of R17 and C6 is 


approximately 5@u sec. This is slightly greater 
than the recovery time of the GM tube. 


The input of the second comparator (U2:5) is 
biased at 2 volts by R18 and RI9. C7 prevents 
this comparator from oscillating due to an input 
with slow rise time. U2:7 outputs a positive 5Ø 
microsecond pulse for every single particle that 
is detected by the GM tube. R2Ø is the pull-up 
resistor for the open collector output of U2:7. 


C8 and R22 provide a 4.7 microsecond pulse to the 
control input (U3:9) of a SPDT analog switch. 
This analog switch normally connects C9 and C16 to 
the voltage reference established by R2, R3 and 
R21. When U3:9 pulses high, the analog switch 
connects C9 and C1Ø to Cll. The amount of charge 
transferred diminishes as the voltage builds up on 
c11 with increasing radiation. This 
characteristic of the circuit gives the instrument 
its semi-logarithmic meter scale. 


Charge flows from C11, through the range selection 
resistor network (U7) and then through U3:2 to 
ground. The voltage on Cll is an equilibrium 
condition between the charge transferred to Cll by 
C9 and C1Ø and the charge removed from Cll by U7. 


Normally a survey meter will read erroneously low 
when it is placed in radiation of enough intensity 
that a significant percentage of the particles 
passing through the GM tube occur during the 
recovery time of the tube due to a previous 
particle. This is referred to as “coincidence 
loss". This instrument contains a patented 
coincidence loss recovery circuit. As particles 
strike the GM tube faster than it can recover, 
U2:1 will keep C6 discharged for longer periods of 
time. This causes U2:7 to remain high longer. 
This high level is connected to the control input 
of an analog switch (U3:1Ø). The analog switch 


11 
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will be held open as long as U2:7 is high. Since 
charge cannot flow from C11, through U7, when the 
analog switch is open, Cll is maintained at a 
higher voltage. 


At lower levels of radiation, charge flows through 
U7 a greater percentage of the time. The range 
select switch (S1B) connects progressively more of 
the resistors in the network (U7) together as 
higher ranges are selected. 


The voltage from Cll is present at the input of 
another SPDT analog switch (U3:12). U3:14 is 
connected to U3:12 when U3:11 is low. U4 buffers 
the voltage at U3:14 and drives the meter through 
R24. 


In very high radiation fields, the GM tube can go 
into a continuous discharge condition where it. no 
longer emits pulses that can be detected by the 
circuitry. When this condition occurs C3 will 
charge to a level that will cause the control 
input U3:11 to disconnect U3:14 from U3:12 and 
connect U3:14 to U3:13. The meter will now 
indicate full scale and the full scale alarm will 
be turned on. 


Full-Scale Audible Alarm 


The audible alarm is a 3KHz tone, pulsed at a 4Hz 
rate. 01:16 in conjunction with Rl and Cl 
generates the 25øms square wave. Ul:4 in 
conjunction with R4 and C2 generates the 333us 
Square wave. The square wave at Ul:4 is gated off 
and on by the square wave at Ul:19Ø. Ul:3 is the 
inverse of the waveform at Ul:4, When U4:6 
reaches 2 volts the meter will be at its full- 
scale position. R23 is adjusted to turn on Ql 
when the meter reads full-scale. 


R9 prevents improper adjustment of R23 from 
damaging U4 or Ql. When Qi turns on it pulls the 
base of 02 and R5 to ground. This turns Q2 off 
and allows R6 to enable Ul:13. Ul:11 drives Q3 
through R?. R7 limits the base current of Q3. R8 
limits the current through the audio transducer 
(SP1). D7 clamps the negative voltages generated 
by the inductance of SP1. 


12 
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5.2 Schematic Diagram (#149815, Model 400) 
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Schematic Diagram (#149116, Model 410) 
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5.3 Parts Layout 


dg 


r5 
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5.4 Calibration and Adjustments (Remove 6 screws and back of 
case for access to the following) 


5.4.1 


High Voltage Set 


Connect a high gvoltage (21808V), high input 
impedance (>1x19°Ohms) voltmeter between TP3 and 
TP4. TP4 is ground. Turn the instrument on to 
any range. The voltage should measure between 
55ØV and 575V. Adjust R31 to obtain the correct 
voltage. 


An alternate, indirect method using a conventional 
laboratory voltmeter can be used. The voltmeter 
must have an input resistance equal to 28 Megohms. 
Connect the voltmeter between U6:3 and U6:4. Turn 
the instrument on. Adjust R31 until the voltmeter 
reads 1.9Øv+Ø.ØSV. Connect the voltmeter between 
U6:2 and U6:4. This point should also read 
1.9Øv+.Ø5V. Disconnect the voltmeter. 


Charge Transfer Voltage Adjustment 


Connect a voltmeter between TP2 and TP4. Adjust 
R3 until the voltmeter reads 2.81 volts. 


Calibration 


Turn the instrument to the "x189" range. Orient 
the instrument in a horizontal position with the 
GM tube's axis (meter scale) perpendicular to the 
direction of radiation. Expose the instrument to 
a 30@mR/h field of radiation from Cesium-137. The 
meter hand should point to the "3" on the scale. 
If it does not, turn off the radiation and adjust 
C16 (the variable capacitor). Recheck the 
instrument in radiation and readjust C1Ø if 
required. 


Full Scale Alarm Set 


Connect a pulse generator between TPl and TP4 
(ground). Set up the pulse generator to produce a 
+5V, 4Ø microsecond, positive pulse at a rate of 
one pulse per 14 milliseconds. Turn the survey 
meter range switch to the "x1" position. Adjust 
the rate of the pulse generator to provide a full 
scale reading ("18") on the survey meter. Turn 
R23 CCW until the full scale alarm is deactivated. 
Turn R23 CW until the full scale alarm just turns 
on. Decrease pulse rate to verify that the alarm 
turns "off" as the meter pointer drops below "10". 
Increase the pulse rate to verify that the alarm 
turns "on" as the meter pointer rises above "10". 


16 
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Zero Adjust (back of case need not be removed) 


The meter readout for Models 409 and 418 are 
factory adjusted to zero with the control switch 
in the OFF position. Normally this will not 
require further adjustments if the instrument is 
not abused. The meter zero will change 
occasionally with a severe shock. 


To adjust the meter pointer back to zero: 
a) Turn the function switch to OFF. 


b) Position the instrument with the meter readout 
facing up. 


c) Remove the black rubber stopper labeled Zero 
Adjust in Illustration 3.1. 


d) Using a small screwdriver, turn the exposed 
slot until the meter pointer is on "9", 


e) Replace the rubber stopper. It will be 
necessary to twist it into the hole because it 
is slightly oversized. It is very important 
to replace the rubber stopper to protect the 
electronics from water entry. 


17 
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5.5 Replaceable Parts List 


INSTRUMENT NDT SURVEY METER MODEL NO: 400/410 ISSUE DATE_ 5/83 
SERIAL NUMBERS: 17266 TO 


SCHEMATIC REFERENCE: D349015/0149116 


Untess otherwise noted on the schematic, resistors are .25W, 5% carbon film; non- 
polarized capacitors are ceramic disk type, 20% tolerance, !00VDC; and capacitors 
marked "FILM" are 10% tolerance, 100VDC, 


The above items are considered readily available and are not listed in the re- 
placeable parts list, 


If it is necessary to order non-listed replacement parts, specify the model, sche- 
matic reference designation or description, and instrument serial number. 


SCHEMATIC 
REFERENCE DESCRIPTION 
C12,15,16 Capacitor, Ceramic, .0imf, IkV 


Capacitor, Variable, 10-180pf 
Resistor, Variable, 20 turn, 2K 


R23,31 | Resistor, Variable, 1 turn, 100K 


PART 
NUMBER 


201031 


ver a Øy før fw jus w 
ojoj N |o tE O 
ojojo ojo — 

8 |21£ sje y 
el= 

Sialis = | — 


91041 
R24 Resistor, film, W, 1%, 1.91K 

Resistor, film, &W, 1%, 10.0K 
FEE Resistor, film, dW, 1%, 1000M 
ULA] 


41083 


Resistor network, custom 51071 


Diode, 1NA006 

Transistor, 2N4124 

Transistor, MPS-A65 

Integrated Circuit, 4093, NAND Gate 
Integrated Circuit, 3290, Comparator 640021 
Integrated Circuit, 4053, Analog switch 
Integrated Circuit, 3160, Op Amp 
Integrated Circuit, LM2931AZ-5.0 

Meter, ImA, 77 Ohms 

Transformer, H.V. Osc. 


640030 
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ee S 
REFERENCE DESCRIPTION NUMBER UNIT COST 
[viol [om tube Assembly Ag PG 
[st | switch, Rotary, 2 Pole, 6 pos. custon | 56000 | | 
TERESE ET TG VETA 
| forming, Audio Transducer | sowa | 4 
ser | audio Tramsducer roa || 
| chip, bee o 22 
ll formo cose TA toas PÅ 
| vo" Ring, cose screws [6032 | | 
| | Vasher, case seren | os PG 
Ll pre ae gato | 
| Pug, ære adjust, watertight | 970002 | 
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WARRANTY 


This instrument and its accessories, excluding those accessories listed 
below, is warranted by VICTOREEN, INC., against defects in materials and 
workmanship for a period of one year* from the date of original shipment. 
During the warranty period, VICTOREEN will repair or, at its option, replace, 
at no charge, an instrument containing such defect, provided that it is 
returned, transportation prepaid, to the VICTOREEN repair facility listed 
below or other VICTOREEN authorized facility. Instruments repaired in war- 
ranty will be returned transportation prepaid within the United States. 


*Specific mechanical products may have a more limited warranty period as 
stated in the front of this manual. 


In addition, the calibration of each instrument is warranted to be within its 
specified accuracy at the time of shipment. If an error in this initial calibra- 
tion is discovered, the instrument will be recalibrated at no charge, provid- 
ed it is returned as described above. This does not apply to any calibration 
deviation that may result from normal use. 


THERE ARE NO WARRANTIES, EXPRESS OR IMPLIED, INCLUDING 
WITHOUT LIMITATION ANY IMPLIED WARRANTY OF MERCHANTABILITY 
OR FITNESS, WHICH EXTEND BEYOND THE DESCRIPTION ON THE FACE 
HEREOF. THIS EXPRESS WARRANTY EXCLUDES COVERAGE OF AND 
DOES NOT PROVIDE RELIEF FOR INCIDENTAL OR CONSEQUENTIAL 
DAMAGES OF ANY KIND OR NATURE, INCLUDING BUT NOT LIMITED TO 
LOSS OF USE, LOSS OF SALES OR INCONVENIENCE. THE EXCLUSIVE 
REMEDY C+ THE PURCHASER IS LIMITED TO REPAIR, RECALIBRATION 
OR REPLACEMENT OF THE INSTRUMENT AT VICTOREEN’S OPTION. 
This warranty does not apply if the product, as determined by VICTOREEN, 
is defective because of normal wear or accident or misuse. or as a result of 
service or modification by other than an authorized VICTOREEN repair 
facility. This warranty is void if the unit is subjected to temperatures above 
55°C., or contaminated with radioactive material. 

This warranty specifically excludes the following items which are covered 
by their original manufacturers’ warranty: photomultiplier, geiger and pro- 
portional tubes, crystal and other solid state detectors, batteries and major 
ancillary items of instrument systems, such as, but not limited to, recorders, 
printers and display devices. 

NON-WARRANTY SERVICE 


If repairs or replacement not covered by this warranty are required, a repair 
estimate will be submitted for approval before proceeding with the repair or 
replacement. 


REPAIR SERVICE - Return the product, prepaid, to: 


VICTOREEN, „AG. 
10101 Woodland Avenue 
Cleveland, Qhio 44104 
(216) 795-8200 


IMPORTANT: In order to expedite your repair, please supply the 
tollowing: 1) Complete detailed description of probtem, 2) Pur- 
chase Date, 3) Name of Vendor, 4) Order Number. Also, indicate 
which, if any, accessory items (batteries, carrying case, check 
source, voltage converter, etc.) are included in the return. 


«OMT MHYAOTOIV 
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+ 
wife 
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Manufactured by 


Victoreen, inc. 
415 Pineda Ct. 
Metbourne; — 32935 


PRINTED IN USA 
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